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Bringing Statistical 





9th Annual Prescription for Criminal Justice 
Forensics Program, New York 
 
This work was partially funded by the Center for 
Statistics and Applications in Forensic Evidence 
(CSAFE) through Cooperative Agreement 
#70NANB15H176 between NIST and Iowa State 
University, which includes activities carried out at 
Carnegie Mellon University, University of California 
Irvine, and University of Virginia. 
Questioned Documents 
Questioned documents as forensic evidence: 
•  ransom notes 
•  suicide notes 
•  forged signatures 









Forensic handwriting examination has been used in civil and criminal 
cases since the late 1800s. 
 
Long Island, New York (1956) 
 
July 4 
•  Peter was taken from his patio and a ransom note was left behind 
•  Media blackout?  
•  Kidnapper never showed 
Peter Weinberger Kidnapping 
July 10 
•  The kidnapper called the Weinberger home twice with instructions 
•  He didn’t show up at either location 
•  Another handwritten note at the second location telling the 
parents where they could find their baby if everything went smoothly 
•  Experts determined that both notes were written by the same person 
CASE STUDY 
Peter Weinberger Kidnapping 
July 11: FBI gets involved 
•  Special agents get a crash course on handwriting analysis 
•  Examined and eliminated almost two million handwriting records 
August 22 
•  An officer notices similarities between the ransom note and writing in 
the probation file of Angelo LaMarca 




Peter Weinberger Kidnapping 
CASE STUDY 
Peter Weinberger Kidnapping 
CASE STUDY 












Individuality of Handwriting 
Foundational Assumption 
Handwriting examination is grounded in the idea that given sufficient 
quantity and quality of writing, no two writers have the same set of 
individualizing characteristics.  
 
Studies to demonstrate this foundational assumption. 
•  Writing samples from homogenous subgroups of writers such as 
identical twins and classmates. 
 
Individuality of Handwriting 
Handwriting 
Intra-writer variation is the natural variation in writing for one person. 
•  No one person writes in exactly the same way every time, even 
with several repetitions of writing 
•  Writing is a complex motor skill that changes over time 
Inter-writer variability is between two or more writers.  
•  Provides us with evidence to support 




FBI document examiners follow a four-step process to reach conclusions.  
1.  Independent examination  
2.  Comparison 
3.  Evaluation 





Communicate expert opinion conclusions using a verbal scale. 
  
The Scientific Working Group for Forensic Document Examination 
(SWGDOC) develops standards and guidelines for the field of 




No required number of “points” or other quantity required to establish 
a match. 
Movement to introduce statistical procedures and computerized 
systems to build statistical foundations in the field.  
Two major approaches to viewing handwriting as data… 
Building a Statistical Foundation 
Available Systems 
Approach #1 - Document Examiner driven 
 
Examiners determine characteristics of writing through an interface. 
 
CEDAR-FOX developed at the Center of Excellence for Document 
Analysis and Recognition at the University at Buffalo. 
 
CEDAR-FOX 
•  Document is processed 
and partitioned 
•  Macro features are 
quantified (data!) 
•  slant, connectivity 
•  Examiner determines 
which characters to use 





•  Statistical analysis 
 





•  Did something statistical 
•  Supports examiner workflow 
•  Document examiner driven 
•  Verbal scale conclusions 
Available Systems 
Approach #2a 
Fully automated (closed set of writers – database based) 
Features useful for discriminating between writers are automatically 
extracted and chosen for use. 
FLASH-ID developed at Gannon Technologies Group (Sciometrics, LLC) 
•  Forensic Language-Independent Automated System for Handwriting 
Identification 
FlashID 
•  Break the document into 
small meaningful pieces 
called graphemes 
•  Quantify topology and 




•  Measurements from 
graphemes in the 
questioned document 
are compared to 
graphemes of the 
same type for all 
documents in a 
reference database 
•  Statistical analysis 
FLASH-ID 
SCREENSHOT 
•  Each reference 
document is given a 
score that represents 




•  Did something statistical 
•  Automated feature extraction 
•  Quantitative conclusions 
•  Closed set of writers 





Fully automated (open set of writers) 
Features useful for discriminating between writers are automatically 
extracted and chosen for use. 
CSAFE is currently developing a system for automated comparison of 
documents in an open set that will result in the ability to quantify the 
strength of similarity between two documents and associated error rates. 
In the Works! 
•  Process document and 
break writing up into 
smaller pieces – graphs 
•  Group and label graphs 
based on number of nodes  




•  Count the number of graphs of each type 
CSAFE 
(Current Work) 
•  Statistical analysis  




•  Use statistical modeling to predict the probability of authorship for nine questioned 




•  Identify and automatically extract many 
features 
•  Use a statistical learning algorithms to 
1)   identify discriminatory features, and  
2)   combine features into a single similarity  
      score for a pair of documents 
•  Construct reference distributions 




scores for mated pairs 
scores for non-mated pairs 
 
0 100 
Consider a new pair of documents! 
•  Get a score 








•  Statistical foundations 
•  Quantitative conclusions 
•  Report uncertainty measures and error rates 
•  Automated feature extraction 
•  Open set of writers 
•  Open-source and repeatable 
July 11 
•  Special agents get a crash course on handwriting analysis and 
examine almost two million handwriting records. 
August 22 
•  An officer notices similarities between the ransom note and writing in 
the probation file of Angelo LaMarca 
 
CASE STUDY 
Peter Weinberger Kidnapping 
CASE STUDY 
Peter Weinberger Kidnapping 
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